Urban forests provide ecological and social functions and significantly improve esthetical value of these ecosystems. These forests also function as recreational areas for urban residents. The aim of this study was to assess the influence of understory cutting of different intensity on vegetation and coincidence with Myrtillosa forest type in Mežaparks, Riga. In total nine study sites were established: three sites adjacent to roads where regular undergrowth management is practiced, three adjacent sites to edges of the pathways, where undergrowth management is practiced only occasionally and three adjacent sites to roads where there is no management activity at all. Combined 54 sample plots were created (each sized 10 × 10 m, area 100 m 2 ), where vegetation survey was done using Braun-Blanquet method. This study showed that with an increase in the intensity of undergrowth management, in general, the species richness and their coverage increases, or more specifically, the number of herbaceous and moss species increases, but the occurrence of shrub species decreases. In all study sites we observed the development of synantrophic species, especifically, the development of fructification which was indicated by the following species: Sambucus nigra L., Sambucus racemosa L., Amelanchier spicata Lam. If management intensity decreases, the proportion of competitor species decreases, but the proportion of CSR strategy type species stabilizes.
Introduction
Urban forest ecosystems have evolved by interaction of human activities and natural processes. These ecosystems provide significant environmental (air purification and oxygen production, temperature and microclimate regulation, runoff reduction, soil protection, noise reduction, preservation of biodiversity) and social function (recreation, aesthetic values, cultural heritage sites, environmental education) (Emsis, 1980 Konijnendijk, 2008) . Residents of urban forest prefer to use these forests for recreation closer to their place of residence (Konijnendijk & Randrup, 2004) . This demonstrates the importance of social role of urban forests, and the conservation of biodiversity in these forests is closely related to the recreational and landscape features (Alvey, 2006) .
Various natural or anthropogenic disturbances affect the development of vegetation in forest ecosystems (Priedītis, 1999; Drobyshev, 2004) . However, urban forests are also affected by direct human activities, such as trampling, campfires, and waste disposal, and indirect -promoting the dispersal of adventive and invasive species, changes in the amount of soil nutrients. In addition, urban forest ecosystems are characterized by synantrophication, which promotes the pollution and eutrophication of soils, as well as the increase of anthropogenic pressure (Laiviņš, 1998; Priedītis, 1999) . High pressure from recreational activities causes the degradation of the understory vegetation, for instance, better lighting conditions increase the ruderal and grassland plant introduction. This causes the patch structure formation where disturbed and undisturbed areas in urban forest landscape appear (Эмсис, 1989; Trušiņš, 1990; Bell, 2008) . Therefore, the succession processes in the urban forest ecosystems are strongly influenced by anthropogenic loads and appropriate sustainable forest management planning is essential to preserve these areas in longer term.
Understory vegetation is a significant landscapeforming element, which increasesthe diversity in vertical structure and openness while dense understory limits recreation opportunities and hinders forest regeneration. It is known that increaseddensity of shrub layer promotes fructification (Priedītis, 1999) . However, different studies have shown that for recreation activities people prefer to visit open forests or forested areas with low density in the undergrowth (Tyrväinen et al., 2005) . Therefore it has to be taken into account and one of the most important management tasks is to provide the stability in terms of succession and improve the aesthetic values in these forests. The aim of this study was to assess different intensities undergrowth cutting effects on the understory plant diversity and conformation to Myrtillosa forest type in Mežaparks, Riga. The following study objectives were identified: 1) to characterize vegetation along the roads and trails in Mežaparks where understory cutting is done regularly, irregularly and left intact; 2) to compare and evaluate how different management intensity affects the understory vegetation.
Materials and Methods
The study was conducted in Mežaparks, located in Riga, the capital city of Latvia. (Jakovičs, 2013) . The territory is maintained by the company Rīgas meži Ltd. and the infrastructure improvements for recreation purposes are regularly done (understory cutting once a year in 20 m wide strips on both sides along the roads and trails from 2004), irregularly done (in sites along the roads and trails where surface is not covered by asphalt and understory cutting is practiced occasionally -in 2012 and 2014) and intact sites (management activities have not been done). A study was carried out in the vegetation season of 2015. In total we selected nine study sites which correspond to the intensity of the management: three sites with regular understory cutting, three with irregular understory cutting and three intact sites. In each study site, in both sides along roads and trails, three sample plots were established with size 10 m x 10 m and separating distance of 20 m (Fig. 1 ).
In each sample plot, the vegetation survey was done using Braun-Blanquet method. The total projective coverage of moss, herb (including vascular plants, dwarfshrubs, shrub and tree species up to the height of 0.5 m), shrub (shrub and tree species at the height from 0.5 to 7.0 m) and tree layers (tree species from the height of 7.0 m) as well as coverage of each separate species was evaluated in each zone as percentage (%). The occurrence for all plant species was calculated according to Raunkiaer constancy classes (I < 21% II 21 -40%, III 41 -60 %, IV 61 -80% , V 81 -100%) characterizing the plant species stability of objects (Markov, 1965; Muller-Dombois & Ellenberg, 1974) . All species in the herb layer were characterized by plant strategy groups (C-S-R) (Grime, 1979 ) and according to the abiotic conditions (light, moisture, soil pH and soil nitrogen) were estimated using Ellenberg indicator scales (Ellenberg et al., 1992) . For data statistical analysis the ANOVA test was used to estimate the significant variations between gradation classes. A confidence interval of 95% was used to define the statistical significance (Arhipova & Bāliņa, 1999) .
Results and Discussion
Species richness. In the study sites where management activities were carried out regularly, 83 vascular plant and bryophyte species were found, in irregularly managed study sites -86 species, but in the intact study sites -72 species. Statistical analysis shows that species richness has not been affected by the management activities. This study shows the tendency that species richness in all vegetation layers, except the shrub layer, increases when the management of understory has been done (Fig. 2) . This explains the fact that management activities promote the species diversity in herb and moss layers. But when the number of shrub species increases, the species richness in the herb layer decreases. (Bušs, 1981; Liepa et al., 2014) . In the studied sites where undergrowth management activities have been done regularly, the development of synantrophication and occurrence of invasive vascular plant species was observed, for instance, vascular plants -Sambucus nigra L., Sambucus racemosa L., Symphoricarpos albus L., Amelanchier spicata (Lam.) K. Koch., Impatiens parviflora DC., grasses -Dactylis glomerata L., Agrostis tenuis Sibth., also weeds and meadow species -Stellaria media (L.) Vill., Galium verum L., Knautia arvensis (L.) Coult. Also the species that correspond to forest types on rich soils were also found in these sites -Mycelis muralis (L.) Dum., Geum rivale L., Geum urbanum L., Glechoma hederacea (L.) (Liepa et al., 2014; Straupe, Indriksons, & Kazāka, 2014). Also the indicator species of trampling were found (for instance, Plantago major L.), too. It has been observed that after the management activities changes occur in the vegetation succession and soil conditions, increasing fertility, light and moisture availability (Laiviņš & Laiviņa, 1991) . Due to the increase in the level of synantropisation in these habitats, the regeneration probability of Pinus sylvestris L. could decrease. In the study sites where irregular management of understory was found, the appearance of graminification was observed, for instance, the higher occurrence of Dactylis glomerata L., Agrostis tenuis Sibth. as well as a significant increase of typical forest species Lerchenfeldia flexuosa (L.) Schur (Laiviņš, 1998) . This successional process could affect the natural regeneration of coniferous species. The dominance of broad-leaved species in the shrub layer (Quercus robur L., Tilia cordata Mill.) could replace the currently existing stands which are dominated by Scots pine (Straupe et al., 2012) . In the intact study sites the most common species characterizes the stability in composition of vegetation system and slower succession process.
Projective coverage. The average projective coverage in the studied sites with regular forest management activities differs from 41% in the tree layer to 1% in the shrub layer, including 6% in the moss layer and 25% in the herb layer (Fig. 3) . In the studied sites where irregular forest management activities have been practiced -36% (tree layer), 6% (shrub layer), 14% (herb layer) and 6% in moss layer, but in the intact studied sites -36% (tree layer), 16% (shrub layer), 5% (herb layer) and 6% (moss layer). When the management activity increases, the projective coverage of shrub layer decreases from 16% to 1%, but the herb layer increases from 5% to Mean values ± SE are shown.
25%. The total vegetation projective coverage differs significantly when different forest management activity is practiced (p < 0.05).
The results show that the intensity of undergrowth management affects the shrub layer projective cover. After regular management activities, the projective coverage in the shrub layer decreases, but in the herb layer -increases. In the studied sites relatively high proportion in the tree layer consists of broad-leaved species, such as Acer platanoides, Quercus robur and Tilia cordata (Straupe et al., 2012) . We also found several species which are indicators for rich soils and broad-leaved forests (Acer platanoides, Quercus robur, Ulmus glabra Huds., Convallaria majalis L. and moss species Rhytidiadelphus triquetrus (Hedw.) Warnst.). In these studied sites, the development of frutification is conducted by the indicator -Amelanchier spicata. In the intact studied sites, the mean cover of the shrub layer is three times higher than coverage in the herb layer. This fact is explained by shady conditions on understory from the shrub layer. In these studied sites, various tree and shrub species are dominant (for instance, Populus tremula L., Acer platanoides and Sorbus aucuparia). The processes of frutification are observed by the dominance of species Cotoneaster lucidus and Cerasus avium (L.) Moench.
The herb layer by strategy types. It is observed that in the studied sites where understory cutting has been practiced regularly, 37% of all species are competitors (for instance, the most common species are Acer platanoides, Frangula alnus Mill., Quercus robur, Sorbus aucuparia, Ribes spicatum E. Robson and Rubus idaeus L.), but in the studied sites where irregular and intact management has been done 33% and 40% respectively. The CSR strategy type species are adaptive to different environmental conditions, for instance, meadow species Galium album Mill., Rumex acetosa L. and Trifolium pratense L. (41%, 43% and 48% respectively). The analysis of strategy types shows that with a decreasing the intensity of management the variablity of the strategy groups (for instance, CSR) increases and the proportion of competitor species decreases.
Ellenberg indicator values. The results show that soil pH increases when the intensity of understory management activities increases -these areas are characterized by the moderately acidic soils (pH) and are slightly rich in nitrates, but in the studied sites where irregular management activities were practiced -acidic to moderately acidic soils (pH) and poor to moderately alkine. The rich soil indicator species Rhytidiadelphus triquetrus (Hedw.) Warnst. have been surveyed (Liepa et al., 2014) .
Conclusions

1.
With the increase in intensity of understory management in Mežaparks, the species richness of herbs and mosses increases by 42%, but the occurrence of shrub species decreases by 45%. 2. The proportion of rare species increases in the stands where regular understory management is practiced and it decreases in sites with an absence of understory management, where the proportion of widespread species increases. This indicates the disruption of relative ecosystem's stability due to management which is considered to be anthropogenic disturbance, after the succession process of vegetation activates and the arrival of new species is observed especially in the herb layer. 3. In all studied sites, the development of synantrophication was found, especially where frutification was observed by the following species -Sambucus nigra L., Sambucus racemosa L., Symphoricarpos albus L., Amelanchier spicata (Lam.) K. Koch. In the studied sites where understory management was practiced also graminification and presence of ruderal process were also found (grasses -Dactylis glomerata L. and Agrostis tenuis Sibth., weeds -Stellaria media (L.) Vill. and Impatiens parviflora DC.). 4. In all studied sites the regeneration of most common species Pinus sylvestris L. is disturbed as the herb layer consists of excessive projective coverage where understory management was practiced. By contrast, the stands where management is not carried out, a large projective cover consists of a shrub layer, which dominates and creates shady conditions. 5. To continue the further management in these stands, it is essential to provide the presence of characteristic species. We suggest to continue the management activities in the understory, for instance, remove the schrub layer and allow the regrowth of the potential tree layer species. 
